Myron Mathisson (1897 was a Polish Jew known for his work on the equations of motion of bodies in general relativity and for developing a new method to analyze the properties of fundamental solutions of linear hyperbolic differential equations. In particular, he derived the equations for a spinning body moving in a gravitational field and proved, in a special case, the Hadamard conjecture on the class of equations that satisfy the Huygens principle. His work still exerts influence on current research. Drawing on various archival and secondary sources, in particular his correspondence with Einstein, we outline Mathisson's biography and scientific career.
of Myron's father, but the family must have been relatively well-off, as may be inferred from their address in a well-to-do area of Warsaw (Polna 70, now Noakowskiego 16), as well as from the excellent education received by Mathisson. He attended, from 1906 to 1915, a Russian philological gymnasium named after The Great Prince Aleksy Nikolayevich, The Successor to the Throne, one of the best secondary schools in Warsaw at the time. His high school diploma contains grades in Russian, Latin, Greek, German and French (Polish was then not allowed in schools), but also in mathematics and physics; all his grades were excellent, and he graduated with a gold medal.
We do not know what language was spoken in the Mathisson household; Myron knew perfectly well Hebrew, Russian, and Polish; he never mentioned Yiddish. the quality of his French and the audacity of his criticism of Einstein's paper: Mathisson writes that, in [1] , Einstein neglects radiation and deviations from spherical symmetry, these approximations being due to the "mathematical insufficiency of your method".
At the time of writing this letter, the 32-year-old Mathisson did not have a Ph.D. nor any publications to his reputation. Yet, in this 11-page letter Mathisson described, in general terms, without equations, his views on the problem of motion in general relativity, boldly criticizing Einstein's own approach. He also gave an indication of his difficult financial situation. He announced that he would send Einstein a manuscript detailing his ideas, but said that, should this manuscript be published, he would have to ask for some financial remuneration for it.
Einstein's reply to Mathisson's first letter is unknown, but from Mathisson's second letter, dated 14 February 1930 (AEA 18-002), we can infer that Einstein had replied obligingly by inviting Mathisson to come to Berlin to collaborate with him in some form. Einstein at the time was, of course, a world-famous man. Scientifically, he was deeply involved in investigating the implications of his teleparallel approach toward unified field theory, and he was, in fact, just looking for another mathematically trained collaborator [2] . His long-time assistant Jakob Grommer had just left or was just about to leave to take up a position in Minsk. Cornelius (Kornél) Lánczos, who had spent a year with Einstein in Berlin to work with him on the teleparallel approach, was leaving as well. In early 1930, Walther Mayer came to Berlin and became Einstein's mathematical collaborator for the next few years. We should also like to mention that Einstein the correspondence and from reference to missing letters, that not all of Einstein's letters have been preserved. Presumably, it is the handwritten letters by Einstein that we are missing.
himself had written similarly audacious letters to scientific authorities such as Paul Drude, when he had still been a young man, unknown to the scientific world. Mathisson declined the invitation on the ground that he did not yet feel prepared for such a collaboration. But he did send a manuscript on the problem of motion.
An exchange of several letters followed; in his response of 20 In his response (AEA 18-031), Einstein rejected Mathisson's ideas on the quantum problems on the ground that his approach would be equivalent to the old, non-relativistic quantum theory based on the Bohr-Sommerfeld quantization rule pdq = nh. In response to a follow-up letter by Mathisson, in which he indicated his intention to publish his relativistic results of the last three years (AEA 18-032), Einstein sent Mathisson two letters of recommendation "on the basis of which your relativistic works, that are certainly very valuable, will be accepted with certainty" (AEA 18-033). Those papers contain an implicit polemic with Einstein and his approach to the problem of motion. The first paper contains an essential generalization of Einstein's linearization of the field equations [3] . Mathisson allows the background metric to be curved. In the second, Mathisson shows that nonlinearity of the field equations is not essential for obtaining from them the equations of motion. He uses extensively the geometry of the null cone introduced ear-lier by Hermann Minkowski [4] . In flat space-time, given a time-like world-line z µ (s), 5 he introduces two functions of x = (x µ ): a null coordinate s and a comoving radial distance r, such that the vector l µ (x) = x µ − z µ (s(x)) is null and oriented towards the future and r =ż µ l µ . If the electromagnetic potential is assumed to have the form A µ = e µ (s)/r so that it satisfies A µ = 0, then the Lorentz condition A µ ,µ = 0 implies e µ (s) = e(s)ż µ (s) and the conservation of charge,ė = 0. Therefore, the Liénard-Wiechert potential A µ = eż µ /r satisfies Maxwell's equations for an arbitrary motion of the charge. After describing this, Mathisson [M2] then considers an analogous problem for a weak gravitational field h µν . He introduces, following Einstein, the tensor ψ In the third paper, he mentions the possibility of using Dirac's delta functions, a novelty for relativists at that time. He gives a new derivation of the special relativistic equation of motion of a charge, taking into account its self-interaction, resulting in the radiative reaction force
The first publications
, where u µ =ż µ . Early in 1931, Mathisson wrote his first paper on a new approach to the study of fundamental solutions of partial differential equations of the hyperbolic type; in mid-March, he sent a manuscript, entitled "A parametrix method for generalized wave equations in Riemannian manifolds" to Einstein. With a little delay due to his being absent from Berlin, the paper was forwarded by Einstein to Otto Blumenthal, managing editor of Mathematische Annalen. Einstein, who had been co-editor of the journal from 1919 to 1928, recommended the paper for publication, saying I know the author from earlier works as a very intelligent and diligent writer who is dealing with the deepest problems of the general theory of relativity under very difficult external conditions. (AEA 18-036)
In a postcard written a day later, Blumenthal acknowledged receipt of the manuscript, but requested that Einstein make more specific comments on the manuscript itself. No paper with that title ever appeared in the Mathematische Annalen, and we may conjecture that it appeared only later with a similar title in 1934 in the Polish journal Prace Matematyczno-Fizyczne [M5]. Nevertheless, a paper by Mathisson on the same subject, but with different title [M4], appeared later in the Mathematische Annalen. This paper, however, was only received by the journal on 21 December 1931, and its publication was probably endorsed by Jacques Hadamard. In this and in later papers on this subject, Mathisson made essential use of methods of differential geometry, tensor calculus, and the geometry of the null cone. In his letter of 25 April 1931 (AEA 18-034), he emphasized the essential role that tensor calculus and Riemannian geometry had played in his derivation of an integral formula in the paper that he was sending then to Einstein.
Efforts to obtain a Rockefeller stipend for Mathisson
In 1930, after reading Mathisson's first letters and manuscript, Einstein sent several letters to various officers of the Notgemeinschaft der Deutschen Wissenschaft and of the Rockefeller Foundation to inquire about the proper procedure of applying for a stipend for Mathisson. As it turned out, the rules required that the application be filed not by Einstein but by a mentor of the candidate's home country, Bia lobrzeski in Mathisson's case. 6 More importantly, several conditions had to be satisfied. The candidate had to present an invitation by a scholar abroad whose guest he would be, he had to hold "at least" a Ph.D. and have scientific publications under his name, and he had to have an academic position in his home country to which he would be able to return after spending time abroad. Only the first condition was satisfied in Mathisson's case. So Einstein wrote another diplomatic letter to Bia lobrzeski (AEA 18-009), asking him to submit the application on Mathisson's behalf, and, in particular, to be generous in his assurances of a future academic career for Mathisson:
It will hardly be avoidable, for the sake of a good cause, to pay tribute, albeit somewhat insincerely, to the almighty Bureaucratius, which a higher authority will readily forgive because of its unreasonableness. During his visit in the United States, on 14 December 1930, Einstein had a chance to meet John D. Rockefeller and his wife in person (RA). The meeting was arranged on Einstein's initiative and during their conversation, Einstein tried to convince Rockefeller that his rules for awarding scholarships were too strict and often defeated the very purpose of the original intent of the scholarship program. In an account of the meeting by a mutual acquaintance, George Sylvester Viereck, who had arranged it, we read Professor Einstein argued with him that the strict regulations laid down by his educational foundations sometimes stifled the man of genius. "Red tape," the professor exclaimed, "encases the spirit like the bands of a mummy." Rockefeller, on the other hand, pointed out the necessity for carefully guarding the funds of the foundations from diversion to unworthy ends or individuals who are not most meritorious. Standing his ground against the greatest mind in the modern world, he ably defended the system under which the various foundations were conducted. "I," Einstein said, "put faith in intuition." "I," Rockefeller replied, "put my faith in organization." Einstein pleaded for the exceptional man. Rockefeller championed the greatest good of the greatest possible number. Einstein was the aristocrat, Rockefeller the democrat. Each was sincere, each without convincing the other, persuaded him of his sincerity. [6] Mathisson, as it turned out, would become a victim of this conflict of opinions. The immediate outcome of Einstein's visit to Rockefeller was a promise that Rockefeller himself would look into any particular case that Einstein might point out to him where the rules of his foundation exclude a worthy recipient. After his return to Berlin in spring 1931, Einstein wrote to Mathisson that he wanted to make another attempt to obtain a Rockefeller scholarship for him (AEA 18-035). Now that Mathisson had obtained his Ph.D. and had also a couple of scientific publications, most of the earlier obstacles had been removed. The only condition that was still violated was the requirement that Mathisson be given assurances of a permanent academic position in Poland to return to after his stay abroad. Once again, an application for a scholarship was formally filed but again it seems to have never been forwarded from the European office in Paris to the awarding committee in the U.S. In June 1931, Einstein even wrote to Rockefeller himself, mentioning Mathisson as a case in point of their earlier dispute (AEA 18-049). In a polite response, Rockefeller promised to look into this but indicated that he could do so only after the summer when the committee would meet again (AEA 18-050). This was very much the end of Einstein's attempt to obtain a Rockefeller scholarship for Mathisson. In September 1931, Mathisson wrote to Einstein (AEA 18-046), in a somewhat depressed mood, that the Rockefeller Foundation once more had decided not to forward his application, that he had saved some money and could visit Einstein in Berlin; he also mentioned that he was considering looking for a job in Russia or in Palestine, because "in Polen ist kein Platz da für Leute meiner Nationalität". The visit was not realized because Einstein was then about to go to the United States. He wrote back that one should first wait what would come of his intervention with Rockefeller, and then see about this after his return to Germany (AEA 18-048). As it turned out, neither did Mathisson ever receive a scholarship from the Rockefeller foundation, nor did Einstein and Mathisson ever meet.
1932-35: Habilitation, lectures in Warsaw and first visit to Paris
In 1932, Mathisson obtained a habilitation at Warsaw University that allowed him to use the title of "docent" (analog of the German Privat-Dozent ) and give lectures (already during the year 1932-33), but did not imply a permanent position (UW).
During the years 1932-36, Mathisson gave at Warsaw University, in his capacity of docent, several courses of lectures: Kinetic theory of gases, Applications of the theory of groups to quantum theory (based on Wigner's book), Theory of relativity, Tensor calculus (according to Schouten), Cosmology and Theoretical Physics for students of chemistry. He also conducted, together with Bia lobrzeski and Otton Nikodym, the main seminar on theoretical physics (UW and HU). 
1936-37: appointment in Kazan
On 3 November 1935 Einstein wrote to Hadamard saying that Mathisson could come for a year to the Institute for Advanced Study in Princeton and asking for his current address (AEA 18-053). He also wrote a letter to Mathisson, sent to Paris and containing an invitation for Mathisson (no copy in the Archive). The letters were forwarded by Mlle Jacqueline Hadamard, a daughter of the mathematician, to Mathisson who was then in Russia (as were many scientists during the 1930's: Jakob Grommer, Nathan Rosen, Victor Weisskopf, and others).
Presumably, the letters took a long time to reach Mathisson; his reply was dated "Moscou, le 23 juin 1936" (AEA 18-054). Delighted by the invitation, Mathisson wrote that he could come to Princeton for the academic year 1937-38, after a year spent in Moscow and Kazan. He also commented favorably on the conditions of work in Kazan and implied that he would go back to Kazan from Princeton.
From a letter of Prof. B.L. Laptev we know that Mathisson arrived in Kazan on May 3, 1936 (BLL), but from Mathisson's letter it follows that he was spending a part of the summer of that year in Moscow.
We do not know how and by whom Mathisson's appointment in Kazan had been arranged.
In a letter of 7 July 1936, Einstein expressed delight with the news that Mathisson had found good conditions to work in Soviet Russia (AEA 18-055). He wrote that, considering how many scientists had then been deprived of the possibility to work, it would not be right to invite Mathisson to the Institute for Advanced Study. In a postscript, Einstein mentions that he has shown, with Rosen, that there are no gravitational waves. There is an excellent account by Daniel Kennefick [7] of the events that occurred in connection with an attempt by Einstein to publish a paper with Rosen purporting to show the non-existence of plane gravitational waves.
Mathisson's next letter, from Kazan, is dated 18 April 1937 (AEA 18-057); he refers to Einstein's results on gravitational waves as being in agreement with his work on Huygens' principle and the diffusion of waves in curved spaces. He expects to travel in June to Paris and gives, for correspondence, his mother's address in Warsaw (Leszno 47, not as good as the previous one).
A letter of 7 May 1937 (AEA 18-058), is the last, in the Einstein Archives, from Einstein to Mathisson. It is a little cooler than earlier letters; Einstein wrote about his collaboration with "your colleague" Leopold Infeld (and with Banesh Hoffmann). They have developed a new method (later called the EIH method) of deriving the equations of motion of point masses and have shown that there are no additional conditions that could be interpreted as corresponding to quantum phenomena [8] . By May 1937, arrangements had already been made with Leopold Infeld to come to the Institute for Advanced Study in order to work with Einstein. Infeld had asked about the possibility to do so in February 1936, in early May his salary for a one-year stay at the Institute had been granted, and Infeld eventually arrived in Princeton in October 1937 [9] .
Mathisson left Kazan at the end of May 1937, and went on a short visit to Paris; in a letter sent to Einstein on 5 September 1937 (AEA 18-061), he explained that he would not return to Kazan because "already at the end of May the situation of a foreigner there was unbearable"; he left behind all his belongings and books (presumably so as not to let the Soviet authorities know of his intentions). Recall that in 1937 Stalin's purges and spy-hunting were intensifying.
A few months after returning from Kazan, Mathisson sent to Acta Physica Polonica his most important paper [M6] . In this paper, Mathisson introduced the notion of a "gravitational skeleton" and gave a derivation of the coupling between spin and curvature. In Mathisson's definition of the gravitational skeleton one can see the germ of the idea of a distribution, as later introduced by Laurent Schwartz: Mathisson uses "test functions" p µν and uses the equation
to replace the continuous energy-momentum tensor T µν filling a world-tube D by an equivalent -as far as the external field is concerned -distribution with support on a time-like world-line L ⊂ D. Taking p µν = ξ µ;ν + ξ ν;µ and using the conservation law T µν ;ν = 0, Mathisson proves that the above integral over L vanishes for arbitrary ξ vanishing at both ends of the world-line ("Mathisson's variational principle"). He then uses this principle to derive the equations of motion, which in modern form are [10] 
where p µ and s ρσ are, respectively, the momentum and spin (intrinsic angular momentum) of a body moving in space-time with curvature described by the Riemann tensor R µνρσ ; dots denote covariant derivatives in the direction of u. They were derived also by Achilles Papapetrou [11] and are now often called the Mathisson-Papapetrou equations. In the rest frame of the body, spin is presumed to have only space components; this is expressed by the Frenkel condition [12] ,
which leads to p µ = mu µ + s µνu ν , where m = p µ u µ . Equations (2) and (3) subject to (4), in the limit of special relativity, have "helical" solutions that Mathisson interpreted as being classical counterparts of the quantum Zitterbewegung [M7]. Tulczyjew [13] proposed to replace (4) by the condition s ρσ p σ = 0 which, in special relativity, together with (2) and (3), implies that the center-ofmass line L is straight, p µ = mu µ andṡ µν = 0. The equations (2) and (3) have been the subject of much research and were thoroughly discussed at the conference; they were also derived for a Weyssenhoff-Raabe fluid with spin, within the framework of the Einstein-Cartan theory [14] .
In September 1937 Mathisson attended a conference at the Institute for Theoretical Physics (now Niels Bohr Institute) in Copenhagen (NBA).
Candidacy for the chair for theoretical physics in Jerusalem
For some time, Mathisson was being considered for a chair for theoretical physics at the Hebrew University of Jerusalem. The search for this position went on for a number of years, and it was difficult to find a suitable candidate for the task [15] . 
1938-39: Cracow
Some time at the end of 1937 or the beginning of 1938, Mathisson went to Cracow at the invitation of Jan Weyssenhoff, who, in 1935, had been appointed as professor of theoretical physics at the Jagellonian University. Unlike in Warsaw, he found there a congenial atmosphere to work; he collaborated with Weyssenhoff, Józef K. Lubański, and Adam Bielecki. Some time in the 1960s, Weyssenhoff told his then Ph. D. student Andrzej Bia las that it was Mathisson who had explained to Lubański how to construct, from the spin bivector s µν , the object that is now known as the Pauli-Lubański vector.
Weyssenhoff found financial support from private sources for Mathisson. According to Andrzej Schinzel, Leon Rappaport, Mathisson's colleague from Warsaw University, was among those helping him. Leon Rappaport wrote later a book [16] ; its first chapter is devoted to Mathisson who appears under the cryptonym Radon.
A young mathematician from Cracow, Irena Jungermann, became Mathisson's wife.
His stay in Cracow exerted a long-lasting influence on research in theoretical physics there; Weyssenhoff and his students continued to work on the motion of particles with structure in gravitational and electromagnetic fields until the late 1960s. Especially important was the extension, due to Weyssenhoff and Antoni Raabe [17] , of Mathisson's ideas to continuous media and, in particular, the development of a relativistic theory of "spinning fluids". By integration, they obtained, from the equations for a dust with spin, the Mathisson equations for individual particles. Continuing the ideas of [M7], they found solutions of those equations corresponding to the motion of an electron on a circle. In another paper, they considered the motion of spinning particles with the speed of light [18] . Weyssenhoff compared the properties of a classical particle with spin with those described by the Dirac equation [19] . A review of that work is given in Ref. [20, 21] ; it is mentioned in several monographs [22] - [24] . A recent moving homage to Mathisson, Weyssenhoff, Raabe and the influence of their work is in the article by Peter Horváthy [25] .
1939-40: Paris and Cambridge
In the spring of 1939, the Mathissons went to Paris. Presumably during the stay there, Mathisson wrote a short note on Le problème de M. Hadamard relatifà la diffusion des ondes, that Hadamard presented to the Comptes Rendus [M8]. Later that year, a longer paper under the same title appeared in the Swedish Acta Mathematica [M9]. It is considered to be the most important mathematical paper by Mathisson: it presents the first proof, in a special case, of Hadamard's conjecture on the class of hyperbolic differential equations that satisfy Huygens' principle.
Later that year, the Mathissons went to Cambridge, where Myron continued to work on his method of deriving equations of motion. In a paper [M11] communicated for him by P. A. M. Dirac on 9 February 1940, he gives a simplified derivation of his fundamental formula (1) and of the resulting variational principle. It is worth noting that even though Warsaw University never offered him a job, he was loyal to it and, even in 1940, when he could not envisage ever returning there, he indicated that university as his affiliation. Some time in 1940, the news reached him that Czes law Bia lobrzeski was killed in Warsaw by the Nazis. Mathisson wrote his obituary [26] . The tragedy concerned a different person of the same name; Professor Czes law Bia lobrzeski lived in Warsaw until his death in 1953.
Suffering from tuberculosis, Myron Mathisson died in England on 13 September 1940.
After the war, his widow, then Mrs Gill, settled in Rhodesia. In the 1970s, Bruno Lang, a professor of radio chemistry in Warsaw, Peter Havas and Stan Bażański exchanged a few letters with her. She mentioned having seen a letter from Einstein; according to her, he wrote "you must be my natural son, and we must meet and talk about this". From those letters we know that Myron's parents came to Warsaw from Riga, that Myron was not an easy man to reach and to get to know, and that he died of tuberculosis, not of hunger, as suggested by Infeld in his autobiographical sketch Kordian, fizyka i ja.
Mathisson had good contacts with physicists in Cambridge (DA); in the first paper written there he thanks M. H. L. Pryce for valuable suggestions. Mathisson made an impression on P. A. M. Dirac, who edited and published, posthumously, his last paper [M12] and wrote his obituary for Nature [27] .
Hadamard was so impressed by the work of Mathisson that, after his death, living then in New York as a refugee from Nazi-occupied Paris, he published in the prestigious Annals of Mathematics a paper dedicated to Mathisson and containing an exposition of his result [28] . It begins with the words "To the memory of Myron Mathisson, whose premature death is a cruel loss to Science, I dedicate this treatment of the problem which he has solved so beautifully".
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